Short run production is becoming more important in manufacturing industries as a result of increased emphasis on just-in-time (JIT) techniques, job shop settings and synchronous manufacturing. Short run production or more commonly short run is characterized by an environment where the run of a process is short. To meet these new challenges and requirements, numerous univariate and multivariate control charts for short run have been proposed. In this article, an approach of improving the performance of a short run multivariate chart for individual measurements will be proposed. The new chart is based on a robust estimator of process dispersion.
gives the additional notations that are required in the article.
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The following four cases (see Khoo & Quah, 2002) of µ and Σ known and unknown give the standard normal V statistics for the short run multivariate chart based on individual measurements: Because V statistics follow a standard normal distribution, this feature makes it suitable for the limits of the chart to be based on the 1-of-1, 3-of-3, 4-of-5 and EWMA tests which will be discussed in the later section. 
Case UU: µ and Σ both unknown
In Eq. (1) - (4), p represents the number of quality characteristics that are monitored simultaneously, i.e., p ≥ 2.
Enhanced Short Run Multivariate Control Chart for Individual Measurements The short run multivariate chart statistics in Eq. (1) and (2) are based on the known covariance matrix while that of Eq. (3) and (4) are based on the estimated covariance matrix, a.k.a., the sample covariance matrix. It is shown in Ref. 1 that the performance of the chart based on the V statistics in Eq. (3) and (4) are inferior to that of cases KK and UK in Eq.
(1) and (2) respectively. Thus, in this article an approach to enhance the performance of the short run multivariate chart for cases KU and UU is proposed by replacing the estimators of the process dispersion, i.e., n S , 0 and n S in Eq. (3) and (4) respectively with a robust estimator of scale based on a modified mean square successive difference (MSSD) approach. Holmes and Mergen (1993) 
Case UU: µ and Σ both unknown For odd numbered observations, i.e., n, is an odd number,
For the MSSD V statistics in eqs. (5a), (5b), (6a) and (6b) above, p is the number of quality characteristics monitored simultaneously, hence p ≥ 2.
Tests for Shifts in the Mean Vector µ
Because all the MSSD V statistics are standard normal random variables, the following tests will be used in the detection of shifts in the mean vector. In addition to these tests, the EWMA chart computed from a sequence of the MSSD V statistics is also considered. The EWMA chart is defined as follows:
where 0
and a is an integer representing the starting point of the monitoring of a process. The UCL of an EWMA chart is )
, where α is the smoothing constant and K is the control limit constant. For the simulation study in this paper, the values of (α, K) used are (0.25, 2.90) which gives UCL = 1.096, i.e., similar to that in Ref. 1.
Evaluating the Performance of the Enhanced Short Run Multivariate Chart
A simulation study is performed using SAS version 8 to study the performance of the enhanced short run multivariate chart for individual measurements. To enable a comparison to be made between the performance of the new short run chart with the chart proposed in Ref. 1, the simulation study of the new bivariate chart is conducted under the same condition as that of Ref. This procedure is repeated 5000 times and the proportion of times an o.o.c. signal is observed from c + 1 to c + 30 for the first time is recorded. All of the tests defined in the previous section are used in evaluating the performance of the chart. Note that the new chart is also directionally invariant. Thus, the chart's performance is determined solely by the square root of the noncentrality parameter (see Ref. 1). Because of the directionally invariant property of the new short run multivariate chart, only S µ = (δ,0)′ based on ρ = 0 and 0.5 are considered in the simulation study.
The results of cases KU and UU for the enhanced short run multivariate chart are given in Tables 2 and 3 Table 2 ). From the results in Table 4 , the corresponding probabilities that are computed for these four tests are 0.056, 0.253, 0.172 and 0.157 respectively. Clearly, these probabilities are much lower than those of the enhanced chart. Note also that the Type-I error of the enhanced chart based on the 3-of-3, 4-of-5 and EWMA tests are higher than those in Ref. 4.0 KU 0.965 1.000 1.000 1.000 0.992 1.000 1.000 1.000 1.000 1.000 1.000 1.000 UU 0.292 0.910 0.897 0.897 0.695 0.996 0.995 0.998 0.988 1.000 1.000 1.000 5.0 KU 0.998 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 UU 0.423 0.980 0.981 0.978 0.883 1.000 1.000 1.000 1.000 1.000 1.000 1.000 Table 3 4.0 KU 0.994 1.000 1.000 1.000 0.999 1.000 1.000 1.000 1.000 1.000 1.000 1.000 UU 0.371 0.962 0.958 0.959 0.826 1.000 1.000 1.000 0.999 1.000 1.000 1.000 5.0 KU 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 UU 0.537 0.996 0.995 0.996 0.959 1.000 1.000 1.000 1.000 1.000 1.000 1.000 Tables 2, 3 , 4 and 5 are almost the same. The results also show that the performance of the enhanced chart based on the basic 1-of-1 rule is superior to the chart proposed in Ref.
1.
An Example of Application An example will be given to show how the proposed enhanced short run multivariate chart is put to work. To simulate an in-control process, 20 bivariate observations are generated using SAS version 8 from a 
Conclusion
It is shown in this paper that the enhanced chart based on a robust estimator of scale, i.e., MSSD S gives excellent improvement over the existing short run multivariate chart proposed in Khoo & Quah (2002) . The proofs of how the MSSD V statistics for cases KU and UU are derived are shown in the Appendix. 
is the Wishart distribution with n degrees of freedom. Equation (5a): Case KU We need to show that for odd numbered observations, i.e., when n is an odd number, 
